As climate change shifts species' climatic envelopes across the landscape, equilibrium between geographic ranges and niches is likely diminishing due to time lags in demography and dispersal. If a species' range and niche are out of equilibrium, then population performance should decrease from cool, "leading" range edges, where populations are expanding into recently ameliorated habitats, to warm, "trailing" range edges, where populations are contracting from newly unsuitable areas.
SIGNIFICANCE STATEMENT
While climate change is causing poleward shifts in many species' geographic distributions, some species' ranges have remained stable, particularly at low-latitude limits. One explanation for why some species' ranges have not shifted is demographic compensation, whereby declines in some demographic processes are offset by increases in others, potentially buffering populations from extinction. However, we have limited understanding of whether demographic compensation can prevent collapse of populations facing climate change. We examined the demography of natural populations of a perennial herb spanning a broad latitudinal gradient. Despite increases in reproduction, low-latitude populations declined due to diminished survival, growth, and recruitment. Thus, demographic compensation may not be sufficient to rescue low-latitude, warm-edge populations from extinction.
INTRODUCTION
The geographic range, encompassing the set of locations where populations of a species occur across the landscape, is a fundamental unit of ecology and biogeography. Understanding how and why abundance varies across the range, and why abundance drops to zero beyond range edges, is relevant for a wide variety of problems, from explaining rarity to forecasting range shifts. Because abundance is the net result of demographic processes such as recruitment, survival, and reproduction, spatial variation in abundance must result from spatial variation in at least some of these vital rates and their combined effects on population growth.
Many hypotheses to explain variation in abundance across species' ranges are predicated on the assumption that a geographic range is a spatial expression of a species' ecological niche, indicating a failure of populations to adapt to conditions at and beyond range edges (1) . For example, the classic 'abundant center hypothesis' posits that vital rates, population growth, and abundance peak in optimal habitat at the geographic center of the range and decline towards range edges (2) . However, empirical support for the abundant center hypothesis is mixed (3) (4) (5) , likely because spatial and environmental gradients can be decoupled (6, 7) , such that environmental optima need not be at the exact geographic center and range-edge populations might occupy patches of optimal habitat. Furthermore, vital rates can respond differently to the same spatial or environmental gradient and need not all decline towards range edges. For example, survival might decrease with temperature while fecundity increases, a phenomenon called demographic compensation (8) . If demographic compensation were complete, then population growth would be invariant across the geographic range. Even incomplete compensation could increase the range of environments over which populations can succeed and decrease spatial variation in population growth compared to populations without compensatory changes in vital rates ( Fig. 1 ). Demographic compensation may rescue populations from extinctions due to climate change, at least until reaching a tipping point, beyond which all vital rates decrease and populations crash (9) .
Whether compensatory or not, spatial variation in vital rates could be driven by phenotypic plasticity or life history evolution. Life history variation can be summarized by a fast-slow continuum along which "fast" life histories have rapid development, high fecundity, reduced longevity, and short generation times while "slow" life histories have delayed development, low fecundity, high longevity, and long generation times (10) . Life history theory predicts that selection should favor increased allocation to fast life history characteristics when survival is low or unpredictable, particularly of adults relative to juveniles (11) (12) (13) (14) . For delayed reproduction to be favored, the potential increase in fecundity by older, larger individuals has to more than offset the risk of mortality until the next opportunity for reproduction. In plants, populations and species from low latitudes are more frequently annual (15) and may reproduce at an earlier age than those from high latitudes (16) , creating a fast-slow continuum from low to high latitudes. If demographic compensation is driven by life history evolution, then we might expect to see compensatory negative correlations in vital rates that follow the tradeoffs predicted by the fast-slow continuum (Fig. 1) . In particular, we expect that low-latitude populations will exhibit faster life history characteristics than high-latitude populations across a plant species' range ( Fig. 1 ). An outstanding question is whether range and niche limits reflect inadequate compensatory life history evolution along environmental gradients, causing population growth rates to fall below replacement levels at the edges of species' ranges.
Although niche-based mechanisms can define potential abundance and distribution, explaining realized abundance and distribution might require a more dynamic view that accounts for temporal environmental variation and time lags in biological responses to such variation. It is well documented that ranges expand, contract and shift over time, creating 'leading' range edges where populations are expanding into newly suitable habitat and 'trailing' range edges where populations are contracting from newly unsuitable habitat (17, 18) . Disequilibrium between the environment and ranges arises because adaptation, demography and dispersal are usually slower than rates of environmental change over a range of time scales, from glacial-interglacial periods (19) to anthropogenic climate change in recent decades (20) . This dynamic view of ranges predicts a linear relationship between vital rates or population growth rate and range position, from low vital rates and declining populations at the trailing edge to high vital rates and stable or growing populations at the leading edge ( Fig. 1 ). It also predicts that demographic compensation will be insufficient to rescue populations at the trailing edge.
In this study, we examine spatial variation in vital rates and projected population growth rates (l) across the geographic range of the scarlet monkeyflower, Erythranthe cardinalis (formerly Mimulus cardinalis). Erythranthe cardinalis is a perennial herb with a well-described and extensively protected distribution in western North America that spans 12 degrees in latitude across a broad climatic gradient ( Fig. 2 ). Our specific objectives were as follows: 1) Examine how vital rates and l vary range-wide; 2) Determine which vital rates drive variation in l; and 3) Test whether demographic compensation among vital rates buffers spatial variation in l.
RESULTS

Spatial variation in l and vital rates
Asymptotic projections of population growth rate (l) ranged from 0.1 to 1.9 (Table S1 ). Lambda varied linearly across the latitudinal gradient, increasing from the southern edge, where ls were uniformly < 1, towards the northern edge, where most populations were stable or increasing (slope = 0.0665, P < 0.001, R 2 = 0.29; Table S1, Fig. 3 ). Similar to l, the probability of recruitment and the growth of medium-sized plants increased linearly from south to north (Table S2 , Fig. S1 ). Though not statistically significant, there was a trend of the probability of flowering decreasing from south to north, particularly for small and medium-sized plants (Table S2 , Fig. S1 ). Two other vital rates had non-linear relationships to latitude. The probability of survival peaked at mid latitudes and declined towards northern and southern latitudes, while mean offspring size increased from mid latitudes towards the northern and southern edges (Table S2 , Fig. S1 ). The number of fruits did not vary with latitude (Table S2 , Fig. S1 ).
Global Life Table Response Experiment
A generalized additive model parameterized by simulated datasets of vital rate coefficients (Appendix S1) accounted for 92.3% of the variation in log (l). Variance in growth and survival probability explained most of the variation in log (l) (44.35% and 34.44%, respectively). Much of the remaining variation in log (l) was explained by variance in recruitment probability (13.74%). Probability of flowering (0.50%), number of fruits (3.00%), number of seeds per fruit (0.55%), and the size distribution of offspring (3.42%) explained the little remaining variation.
Demographic compensation
Of 21 possible pairwise correlations among population-specific vital rate contributions, 4 were significantly negative (P < 0.05; Table 1 , Fig. S2 ). Specifically, there were negative correlations between contributions of survival and flowering probabilities, survival probability and number of fruits, number of fruits and recruitment probability, and number of fruits and the size distribution of offspring (P < 0.05; Table 1 , Fig. S2 ). The observed proportion of negative correlations was significantly greater than expected by chance (P = 0.0186), consistent with significant demographic compensation.
Population-specific vital rate contributions to l varied with latitude (Table S3 , Fig. 4 ).
Contributions of survival probability and fruit number were unimodal with respect to latitude. Survival contributions peaked at mid latitudes, where survival rates increased l, and decreased towards the north and south, where survival rates decreased l (Table S3 , Fig. 4 ). Fruit number showed a weaker but opposite pattern, with the largest negative contributions at mid latitudes and positive contributions in the north and south (Tables S3, Fig. 4 ). The contributions of growth and recruitment probability increased from negative values in the south to positive values in the north, while the contribution of flowering probability decreased from positive values in the south to negative values in the north (Table   S3 , Fig. 4 ). Contributions of offspring size did not vary with latitude (Table S3 , Fig. 4 ). Consistent with the global life table response experiment based on GAM, the overall magnitude of population-specific vital rate contributions to l was highest for survival probability and growth ( Fig. 4a, b ), and lowest for flowering probability (Fig. 4c ), indicating that the positive contributions of flowering probability were too low to bolster l in southern populations.
DISCUSSION
Demographic compensation has been proposed as a mechanism for buffering warm-edge populations from climate change, at least until reaching a tipping point (9) , yet few studies have examined the role of demographic compensation and life history shifts in preventing population collapse. Consistent with disequilibrium between the range and niche, we found that population growth rates increased with latitude, suggesting that low-latitude trailing edge populations are contracting from newly unfavorable environments, whereas high-latitude leading edge populations are increasing in recently ameliorated areas. Differences in growth, survival, and recruitment drove spatial variation in l, with growth and recruitment probabilities increasing with latitude and survival probabilities decreasing from mid latitudes towards the northern and southern edges. The presence of statistically significant demographic compensation among vital rates indicates that vital rates may respond individualistically to the same environmental gradient and that single vital rates may fail to predict population performance.
However, although there was demographic compensation, small positive contributions from a greater probability of flowering and greater fruit number did not buffer southern populations from the large, negative effects of low survival, growth, and recruitment. Below, we place our key findings in the context of life history strategies and past and ongoing climate change.
Disequilibrium between range and niche limits
Our results contrast with a large body of work suggesting that range limits often coincide with niche limits. Reciprocal transplant experiments of several species reveal a decrease in performance beyond range edges, and provide weak support for reduced performance at range edges (21) (22) (23) .
Supporting the hypothesis that fitness limits species' ranges along elevation gradients, a transplant experiment of E. cardinalis within and beyond its elevation range revealed severely reduced fitness at and beyond the upper elevation edge (24). Further, experimental and observational studies of other plant species have shown reductions in abundance and fecundity at or beyond range limits (25-27), and declines in population growth rates at or beyond range margins (28, 29). As ongoing climate change continues to diminish equilibrium between ranges and niches, recent studies such as the present one may reveal stronger demographic signatures of disequilibrium than prior work.
Reflecting such disequilibrium, populations at the southern edge behaved differently than populations at the northern edge. Most northern edge populations were either stable or growing, perhaps due to an influx of pre-adapted genotypes from more southerly populations or amelioration of growth constraints in northern populations. The net result to date suggests a "lean" range shift (30, 31), where range limits have remained stable but the central tendency of the distribution is moving northward within the existing range. A lean range shift potentially reflects disequilibrium with climate at both the leading and trailing edges, with disequilibrium at leading edges involving lags in colonization and adaptation, and disequilibrium at trailing edges resulting from delays in extinction (32). Southern edge populations were indeed declining, perhaps in areas that were historically suitable. California experienced severe, record-setting drought conditions from 2012 through 2014 (33, 34), compounded by record high temperatures (35; Fig. 2b ), in 3 of the 4 yearly transitions in the present study. Highlatitude populations of E. cardinalis have already begun to experience temperatures found historically at the latitudinal range center (Fig. 2b ). Interestingly, one northern population with extremely high estimated population growth (population 4, Table S1 ) is in unusually unstable substrate and exhibits annualized life history characteristics that are more typical of southern populations, perhaps providing a window into the potential population dynamics of southern populations under more favorable conditions. In the present study, high mortality in southern populations in recent drought years reduced sample sizes for vital rate models to parameterize yearly integral projection models, requiring pooling of data across multiple yearly transitions. As we continue to monitor these populations over time, we will gain a better understanding of the impacts of recent climate change on population dynamics by linking yearly variation in weather to yearly variation in vital rates and population growth rates. Further supporting disequilibrium between the range and niche, previous studies of demography of E. cardinalis at mid latitudes found higher ls at the upper elevation edge when compared to mid elevations (36, 37), and a recent transplant study documented that ls of populations transplanted beyond the northern edge were greater than 1, comparable to those transplanted within the range (38). Consistent with our finding of high mean fitness in northern edge populations, previous transplant studies of a coastal dune plant with a similar latitudinal range as E. cardinalis reveal a pattern of population mean fitness increasing towards and beyond the northern range edge (39, 40). However, population growth rates do not always vary predictably with latitude (7, 9) , likely due to local environmental factors and/or demographic compensation.
Inadequate demographic compensation
Demographic compensation may buffer populations at low latitudes against extinction risks associated with climate change (9) . In this study, increases in the probability of flowering and fruit number in low-latitude populations (indicated by small, positive contributions to variation in l) suggest that population growth rates would likely be even lower at the southern edge in the absence of demographic compensation. However, even in the face of significant demographic compensation across the geographic range of E. cardinalis, population mean fitness was substantially reduced in low-latitude populations relative to mid-and high-latitude populations. The magnitude of compensatory increases in reproductive vital rates in low-latitude populations was too small to offset the large, negative contributions of survival, growth, and recruitment (Figs. 4, S1, S2). In contrast, in high-latitude populations, low probabilities of survival and flowering were offset by high growth and recruitment (Figs. 4, S1, S2), thus promoting population growth.
Latitudinal gradient in life history strategy
Spatial variation in vital rates and population-specific vital rate contributions are consistent with life history theory and with life history variation observed in a common garden study of E. cardinalis populations sampled across its latitudinal range (41). Matching expectations from life history theory (12, 15, 42, 43) , low-latitude populations of E. cardinalis experience greater inter-annual variation in precipitation (41), germinate, photosynthesize and grow faster in a common garden (41), and exhibit a faster, more annualized life history strategy in nature (this study), whereas high-latitude populations from more temporally stable environments grow more slowly (41) and are uniformly perennial (this study). In particular, plants at low latitudes tend to grow quickly within a growing season, flower once, and then die (supported by low growth and survival but high flowering probabilities; Fig. S1 ), whereas plants at high latitudes grow slowly within a growing season, do not flower every year, and accumulate more growth from one year to the next (supported by high growth and low flowering probabilities; Fig.   S1 ). Similar geographic and climatic clines in life history traits have been observed in the common monkeyflower (44), common mullein (15) , Queen Anne's Lace (16) , and purple loosestrife (45). The compensatory demographic variation observed across populations of E. cardinalis supports life history theory predicting tradeoffs along the "fast-slow continuum" between slow development, less frequent but multiple bouts of reproduction, and long lifespan versus fast development, high reproduction, and short longevity (46-48). Linking demographic compensation to life history theory allows a broader understanding of how spatial variation in vital rates shapes species' geographic ranges.
Conclusions
This study highlights the importance of non-equilibrium processes in shaping species' geographic distributions. In contrast with previous work showing that geographic range limits often coincide with niche limits (49), leading-edge populations appear to be expanding in response to contemporary anthropogenic climate change (50, 51). Consistent with a recent poleward shift of the species' climatic niche, E. cardinalis populations at the northern range edge have begun to encounter temperatures similar to those occurring historically at central latitudes ( Fig. 2b ). As species continue to shift their climatic envelopes in response to recent climate change, support for hypotheses assuming equilibrium between range and niche limits may continue to weaken. Climatic tipping points, where demographic compensation breaks down, may result in population collapse (9) . We show that even statistically significant demographic compensation may not be sufficient to buffer warm, trailing edge populations against extinction. Because individual vital rates responded differently to the same latitudinal gradient, we warn against the use of one or a few vital rates to predict population performance. As additional demographic data accumulate for multiple generations, populations, and species across broad spatial scales and environmental gradients, we will gain a more comprehensive understanding of how the environment and geography shape vital rates, and in turn, population dynamics, allowing for better forecasts of range shifts.
MATERIALS AND METHODS
Study system
Erythranthe cardinalis (Phrymaceae) is a perennial forb that grows along seeps, streamsides, and riverbanks in western North America. Individuals can spread via rhizomes but recruitment occurs almost exclusively from seeds (Angert, pers. obs.). The species' latitudinal range extends from central Oregon, USA to northern Baja California, Mexico ( Fig. 2a ). Within this latitudinal extent, populations occur across a broad range of elevations and climates (Table S4; 
Demographic surveys
We established long-term census plots in 32 populations spanning almost the full latitudinal extent of the species' range ( Fig. 2a , Appendix S1). During August and September 2010, census transects encompassing multiple areas suitable for all life history transitions were established within each population except populations 4, 23, and 26 ( Fig. 2a , Table S4 ), which were added in 2011, 2012, and 2012, respectively. Due to unavoidable variation in microhabitat and plant density, the number and length of transects varied across populations (Table S4 ). Our aim was to survey at least three transects per population that together encompassed at least 200 individuals and contained habitat suitable for future recruitment. Transects were anchored with rebar, removable bolts drilled by hand into rock slabs, or nails in crevices or tree trunks. New or replacement transects were added as needed to maintain target sample size or when older transects were lost due to flooding or treefall.
Every E. cardinalis individual was uniquely identified by (x, y)-coordinates, using the transects as y-axes and perpendicular distances from the transects as x-axes. Some individuals also received uniquely numbered tags to confirm the alignment of the transect from year to year. Not every individual could receive a tag due to microhabitat constraints (e.g. rock slabs) and requirements imposed by permitting agencies. Censuses were conducted each autumn, after most annual reproduction was complete, from 2010 to 2014 to record annual survival, growth, reproduction, and recruitment. In total, the fates of 11,244 plants were recorded (Table S4 ).
To estimate size and annual growth for each plant, up to 5 non-flowering and 5 flowering stems were measured from the ground to the base of the last pair of leaves; all remaining stems were tallied and used to estimate total stem length based on the average stem length of the 10 measured stems. weighed to determine the relationship between seed mass and seed number. Seed number per fruit was then estimated from total seed mass, which has been shown to accurately capture true seed number (36). For 2012 samples, seeds were photographed and then counted using image analysis software (ImageJ). Fruits could not be obtained for some population-by-year combinations (we did not obtain any seed counts for 2013), so average seed number per fruit across all other years for that population was used instead. For 8 populations from which we were unable to obtain fruits, we used estimates of seed number per fruit from the geographically closest population from which fruits were collected. Based on experiments to estimate seedling recruitment and seed dormancy (Appendix S1), seed dormancy was set to zero for these analyses and seedling recruitment was estimated by dividing the number of new recruits by total seed production in the prior year.
Integral projection models
To estimate population growth rates for each study population, we used integral projection models (IPMs), which are analogous to population matrix models but model vital rates as a function of individual plant size, which varies with latitude ( Fig. 3a-e ) rather than relying on discrete stages (53, 54).
First, we pooled data across all populations and years to construct a global model of each of four vital rates (probability of survival, growth, probability of flowering, and fruit number; Table S5 ) as a function of size (fixed effect), year (random effect), and population (random effect) in the lme4 package (version 1.1-12, 57) in R 3.3.1 (56). We included log-transformed total stem length in year t as the size measurement in all vital rate models, and compared models with and without size as a predictor variable based on Akaike information criterion for small samples (AIC c ). Size was a significant predictor of all four vital rates. For each vital rate, we compared full models with random slopes and intercepts for both population and year to progressively simpler models, with the simplest model including random intercepts for population and year. We retained those terms that were significant in log-likelihood ratio tests (P < 0.05; Table S5 ). We extracted population-specific coefficients for each vital rate function to parameterize the IPM for each population (Table S1 ). Due to small sample sizes in some populations in some years, we constructed the IPM kernel for a given population using data pooled across all years (Appendix S1).
We discretized IPM kernels into a matrix with 100 size bins, with size ranging from 0.9 times the minimum and 1.1 times the maximum size observed in year t or year t + 1 in each population. To correct for the "eviction" of individuals falling beyond this size range (57), we assigned individuals to the smallest size bin in the case of offspring, and to the largest size bin in the case of large adults (58). We obtain 95% confidence intervals around l estimates for each population, we bootstrapped the data 2000 times, allowing for assessments of whether the l estimate for each population was statistically greater than, less than, or not different from 1 (Appendix S1).
Analysis of latitude vs. l and vital rates
To assess how l varies across latitude, we used linear regressions with l as the response variable and latitude as the predictor variable. We compared models with and without quadratic terms and used AIC to select the best fitting models. For the vital rates that varied with size (survival, growth, probability of flowering, and number of fruits), we first divided individuals in each population among small (0-20% quantile), medium (40-60% quantile), and large (80-100% quantile) size classes, which varied depending on each population's overall distribution of individual sizes. We then estimated population-and size-specific probability of survival, growth, probability of flowering, and number of fruits. Survival probability is the proportion of individuals that survived in each size class at each population, growth is the mean size in year t + 1 across all individuals of each size class in each population, flowering probability is the proportion of individuals that flowered in each size class in each population, and number of fruits is the mean number of fruits in year t + 1 across all individuals of each size class in each population (small size class was omitted from models of fruit number because "small" plants only flowered at 3 populations). We regressed mean vital rates for each size class against latitude, with and without a quadratic term for latitude, and used AIC to assess whether to include the quadratic term or not. Because the study populations spanned ~1700 m in elevation, we initially performed similar analyses with elevation as a predictor variable but found no statistically significant relationships between elevation and vital rates or lambda, and models including latitude alone performed better than any models including latitude and elevation. Thus, here we only present results including latitude as a predictor variable.
Global Life Table Response Experiment
To identify which vital rates most contribute to observed differences in l among populations, we initially performed a standard life table response experiment (60), but the range of variation in parameter values among populations resulted in a poor linear approximation of l as a nonlinear function of the parameters that vary among populations. Instead, we fit a generalized additive model (GAM) using the 'gam' function in the mgcv package (version 1.8-12; , 61), with log (l) as the response variable and smoothed functions of vital rate parameters as explanatory variables (62, 63 Appendix S1).
To obtain contributions at the level of each vital rate as a whole (rather than each parameter in each vital rate function), we summed across all coefficients of a given vital rate (e.g., the survival contribution equals the sum of survival slope contribution and the survival intercept contribution). Vital rate contributions to variability in log (l) were normalized to sum to 100%.
Demographic compensation
Following Villellas et al. (8) , we examined demographic compensation by testing for negative correlations among vital rates, weighted by their population-specific contributions to variation in l (Appendix S1). To test whether there are more negative correlations among vital rate contributions than expected by chance, we obtained Spearman rank correlations between all pairs of vital rate contributions. We then determined the observed percentage of correlations that were significantly negative (P < 0.05) based on a one-tailed test. Next, in each of 10,000 iterations, we randomly permuted contributions for each vital rate among populations, calculated Spearman rank correlations, and determined the percentage of significantly negative correlations. Thus, we obtained a null distribution of percentages of negative correlations against which to compare our observed percentage. We inferred statistically significant demographic compensation based on the proportion of values in the null distribution that were greater than or equal to the observed percentage of negative correlations (8) . In theory one could also test whether there are fewer positive correlations than expected by chance, but there were no significantly positive correlations among vital rate contributions in the observed data. To assist in our interpretation of the test of demographic compensation, we also examined how vital rate contributions varied with latitude. For each vital rate contribution, we used linear regressions with and without quadratic terms, and then used AIC to select the best fitting models with each vital rate contribution as the response variable and latitude as the predictor variable. year to the next) are favored at low latitudes, whereas slow life history strategies (e.g., low fecundity but high survival or growth from one year to the next) are favored at high latitudes.
Range limit hypothesis
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Selection of study populations
From north to south, we surveyed populations from the following regions: (1) central (Table S4 , Fig. 2a ). Populations were selected based on habitat quality and accessibility during extensive field surveys guided in part by collection records from regional herbaria.
Seed transitions
In a subset of 7 populations, we created seed addition plots for estimating seedling recruitment and seed dormancy. Within each population, at each of 10 20-cm x 20-cm plots placed haphazardly within suitable microhabitat for germination, we added 100 seeds in September 2011. Each seed addition plot was paired with a no-seed-addition control. To prevent seed entry and escape, we covered the plots in fine mesh ("No Thrips", 150 × 150 μ opening size, Green-Tek, Inc., Edgerton, WI, USA) each fall and winter and removed it after floodwaters receded every spring. Plots were censused each spring and fall for 3 years. Although a prior study at mid latitudes demonstrated that a small fraction of E. cardinalis seeds can survive in the seed bank and germinate in their second year (36), during this study period we only observed germination in the first spring after seed addition and none at any subsequent census. Thus, seed dormancy was set to zero for these analyses and seedling recruitment was estimated by dividing the number of new recruits by total seed production in the prior year.
Integral projection models
For each population, we created a kernel !(#′, #) describing how size z of individuals in 
Bootstrapping to obtain confidence intervals for l
We sampled unique individuals from each population with replacement to create replicate bootstrap datasets, where the size of each population's bootstrap was equal to the number of unique individuals in original dataset. Subsequently, we ran vital rate models as described above on each bootstrapped dataset to obtain population-specific coefficients to parameterize population-specific IPM kernels. We then ran IPMs as described above on each bootstrapped dataset for each population and re-calculated l, allowing for assessments of whether the l estimate for each population was statistically greater than, less than, or not different from 1.
Global Life Table Response Experiment
Because of low sample size (response variable of l for N = 32 populations but 12 explanatory variables corresponding to vital rate parameters that vary among populations), we first simulated 10,000 sets of vital rate parameters (62). To do so, we generated a large set of parameters with the same pairwise Spearman rank-correlations and marginal distributions as the observed parameters (65). We then used our existing IPM framework to estimate l for each of these 10,000 simulated parameter sets, using the full size range observed across all populations rather than population-specific size ranges. The resulting l and parameter values were used in GAM. We evaluated the accuracy (R 2 ) of the GAM at our observed parameter values (S. Ellner, pers. comm.). We decomposed the variance in l by extracting fitted values of each model term from GAM fit to observed parameter estimates, and then obtaining the weighted variance-covariance matrix of those terms (63). We assessed the proportion of variance in l explained by variance in each parameter acting on its own by dividing each diagonal value of the weighted variance-covariance matrix by the sum across all diagonal values.
Demographic compensation
First, we calculated l for a reference IPM based on parameter estimates averaged across all 32 populations. Next, we perturbed each of 13 vital rate coefficients in turn by adding a small value (0.01). We re-calculated l for the reference IPM after each perturbation, and estimated sensitivity for each coefficient as the difference between perturbed l and unperturbed l, divided by the amount of perturbation (Table S6 ). Subsequently, we determined the contribution D >,E for vital rate parameter i and population n as D >,E = (F >,E − F >,; )×I >,; , where F >,E and F >,; correspond to vital rate i for population n and the reference population, respectively, and I >,; is the sensitivity of l calculated from the reference matrix to perturbations in vital rate i (8) . To obtain contributions for each vital rate as a whole (rather than each vital rate parameter), we summed across all coefficients of a given vital rate as described above. Table S2 . Regression coefficients and adjusted R 2 for models of vital rates vs. latitude. Mean fruit number was log-transformed and only large plants were included because small & medium plants did not make many fruits. Growth (measured as size in year t+1) and offspring size were also log-transformed. Recruitment probability and offspring size are population-level measurements and do not vary among individuals within a population. In models with quadratic terms marked with "-" instead of a coefficient estimate, quadratic terms were dropped based on model selection using AIC. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32 
